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ABSTRACT

The oral multikinase inhibitor sunitinib malate was approved by
the U.S. Food and Drug Administration in January 2006 for use
in patients with advanced renal cell carcinoma (RCC). Since
then, it has been approved globally for this indication and for
patients with imatinib-resistant or -intolerant gastrointestinal
stromal tumors and advanced pancreatic neuroendocrine
tumors. As we mark the 10-year anniversary of the beginning
of the era of targeted therapy, and specifically the approval of
sunitinib, it is worthwhile to highlight the progress that has
been made in advanced RCC as it relates to the study of suniti-
nib.We present the key trials and data for sunitinib that estab-
lished it as a reference standard of care for first-line advanced
RCC therapy and, along with other targeted agents, significantly

altered the treatment landscape in RCC. Moreover, we discuss
the research with sunitinib that has sought to refine its role via
patient selection and prognostic markers, improve dosing and
adverse event management, and identify predictive efficacy
biomarkers, plus the extent to which this research has contrib-
uted to the overall understanding and management of RCC.We
also explore the key learnings regarding study design and data
interpretation from the sunitinib studies and how these
findings and the sunitinib development program, in general,
can be a model for successful development of other agents.
Finally, ongoing research into the continued and future role
of sunitinib in RCC management is discussed. The Oncologist

2017;22:41–52

Implications for Practice: Approved globally, sunitinib is established as a standard of care for first-line advanced renal cell carcinoma
(RCC) therapy and, along with other targeted agents, has significantly altered the treatment landscape in RCC. Research with
sunitinib that has sought to refine its role via patient selection and prognostic markers, improve dosing and adverse event
management, and identify predictive efficacy biomarkers has contributed to the overall understanding and management of RCC.
Key learnings regarding study design and data interpretation from the sunitinib studies and the sunitinib development program, in
general, can be a model for the successful development of other agents.

INTRODUCTION

Worldwide, approximately 338,000 patients are newly diag-
nosed each year with kidney cancer, with renal cell carcinoma
(RCC) the most common type, and more than 143,000 patients
die of this disease [1]. Of those newly diagnosed patients, up to
30% will present with metastatic disease, and up to 40% of
patients initially treated for localized disease will eventually
develop metastatic disease [2–4].

Historically, before the introduction of targeted therapies,
cytokine-based therapy with interferon-a (IFN) and/or
interleukin-2 (IL-2) was considered standard first-line treatment
for patients with metastatic RCC (mRCC). However, the
response rates were low (only approximately 15%), survival
was limited (Fig. 1), and treatment-related toxicities restricted
their usage [14]. In addition, previous studies of other therapies

for cytokine-refractory patients with RCC were unable to show
benefit [15].

RCC has several subtypes, but clear cell carcinoma is themost
common (�70%–80% of all tumors) and is usually associated
with inactivation of the von Hippel-Lindau (VHL) tumor-
suppressor gene [16]. This leads to elevated levels of the tran-
scription factor hypoxia-inducible factor 1a (HIF-1a) and subse-
quent overexpression of vascular endothelial growth factor
(VEGF) and platelet-derived growth factor (PDGF), which promote
tumor angiogenesis. Correspondingly, these pathways were logi-
cal therapeutic targets for drug development [16, 17] and led to
U.S. Food andDrug Administration (FDA) approval of the receptor
tyrosine kinase inhibitors (TKIs) sorafenib and sunitinib for use in
patients with advanced RCC (Nexavar prescribing information,
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http://labeling.bayerhealthcare.com/html/products/pi/Nexavar_
PI.pdf, and SUTENTprescribing information, http://labeling.pfizer.
com/ShowLabeling.aspx?id=607, respectively).

Sunitinib malate (SUTENT; Pfizer Inc., New York, NY, http://
www.pfizer.com) is an oral receptor TKI of VEGF receptor 1
(VEGFR-1), VEGFR-2, VEGFR-3, PDGF receptor-a (PDGFR-a),
PDGFR-b, and other receptor tyrosine kinases. Sunitinib was
first approved by the U.S. FDA in January 2006 for advanced
RCC (SUTENT prescribing information). Since then, it has been
approved globally for this indication and for patients with
imatinib-resistant or -intolerant gastrointestinal stromal tumors
and advanced pancreatic neuroendocrine tumors.

As we mark the 10-year anniversary of the beginning of the
era of targeted therapy, and specifically the approval of suniti-
nib, it is worthwhile to highlight the progress that has been
made in advanced RCC (evident by the improved survival times;
Fig. 1) as related to the study of sunitinib. The purpose of the
present report is to detail the key trials and data for sunitinib
that established it as a reference standard of care for first-line
advanced RCC therapy and, along with other targeted agents,
significantly altered the treatment landscape in RCC. Moreover,
we discuss the research with sunitinib that has sought to refine
its role via patient selection and prognostic markers, improve
dosing and adverse event management, and identify predictive
efficacy biomarkers, plus the extent to which this research has
contributed to the overall understanding and management of
RCC. We also explore the key learnings regarding the study
design and data interpretation from the sunitinib studies and
how these findings, and the sunitinib development program in
general, can be a model for successful development of other
agents. Finally, ongoing research into the continued and future
role of sunitinib in RCC management is discussed.

KEY CLINICALTRIALS OF SUNITINIB IN ADVANCED RCC

Phase II Studies
In January 2006, the U.S. FDA granted accelerated approval for
sunitinib in advanced RCC. Its approval was based on two con-
secutive open-label phase II studies in which treatment with

sunitinib 50mg/day on schedule 4/2 (4 weeks taking the drug
and 2 weeks not taking it) resulted in unprecedented antitumor
activity in patients with cytokine-refractory mRCC (Table 1)
[18–20]. These studies represented a turning point in RCC ther-
apy. The key efficacy and safety results from these two trials
and others in the sunitinib clinical development program in
RCC are summarized in Table 1.

In the initial phase II study (n 5 63), 25 patients achieved a
partial response according to investigator assessment, yielding
an objective response rate (ORR), the primary endpoint, of 40%
(Table 1) [18]. Adverse events (AEs) were mostly grade 1 or 2,
with grade 4 AEs uncommon. In the second, larger phase II
study (n 5 106), the ORR by independent third-party assess-
ment, the primary endpoint, was 33% (Table 1) [20].

Pivotal Phase III Study
Interim results from the pivotal phase III trial of sunitinib in
treatment-na€ıve mRCC patients [12, 13] established sunitinib
as a reference standard of care for first-line mRCC therapy. In
the trial, 750 treatment-na€ıve patients with mRCC were
randomized 1:1 to either sunitinib 50mg/day on schedule 4/2
or IFN 9 million units given subcutaneously three times weekly.
The primary endpoint, progression-free survival (PFS), was sig-
nificantly longer with sunitinib than with IFN (median, 11 vs. 5
months, respectively; hazard ratio [HR], 0.42; 95% confidence
interval [CI], 0.32–0.54; p< .001; Figure 2; Table 1). At the final
analysis, the median overall survival (OS) was 26.4 versus 21.8
months for sunitinib versus IFN, respectively (HR, 0.821; 95%
CI, 0.673–1.001; p 5 .051).

Expanded-Access Program
Given the lack of active agents available in 2005 to treat
advanced RCC, a global, expanded-access trial was implemented
to provide sunitinib to patients in countries where its approval
had not yet been granted and to those patients ineligible for
registration-directed trials [27, 28]. For the 4,543 patients who
received sunitinib in 50 countries, the ORR was 16% and the
median PFS and OS were 9.4 and 18.7 months, respectively
(Table 1). In addition, clinical benefit was observed in both
treatment-na€ıve and previously treated patients, both older and
younger patients, and patients traditionally with a poor progno-
sis, including patients with brain metastases.

In subpopulation analyses of patients from six different
geographic regions, efficacy in each region was broadly similar
to that in the overall expanded-access population, although the
median OS appeared longer in Italy (27.2 months) and Central
and Eastern Europe (30.7 months) [29–34]. In addition, most
regions also reported efficacy (based on ORR) in patients from
the poor prognosis groups. Finally, the safety profile of sunitinib
in each region was consistent with that for the overall study
population.

Other Studies
In a phase II multicenter study of patients with bevacizumab-
refractory mRCC (n 5 61), sunitinib demonstrated antitumor
activity with a tolerability safety profile [24]. The ORR, the pri-
mary endpoint, was 23.0% (Table 1).

In a phase II study of Japanese patients with treatment-
na€ıve (n 5 25) or cytokine-refractory (n 5 26) mRCC and an
Eastern Cooperative Oncology Group (ECOG) performance sta-
tus of 0 or 1 [23], the median OS exceeded 2.5 years (Table 1).

Figure 1. Range of median PFS and OS values in advanced RCC,
before and after the era of targeted therapies. *,With TKIs as first-
line mRCC therapy in primarily good- or intermediate-risk patients
[5–13].
Abbreviations: mRCC, metastatic renal cell carcinoma; OS, over-

all survival; PFS, progression-free survival; RCC, renal cell carci-
noma; TKIs, tyrosine kinase inhibitors.
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With acceptable tolerability, treatment with sunitinib showed a
favorable risk/benefit profile in that study, similar to that in
Western studies.

An open-label, multicenter, phase IV study of sunitinib was
conducted in treatment-na€ıve Chinese patients with mRCC
(n 5 105) [26]. In the first prospective study to assess sunitinib
treatment in this population, sunitinib showed activity and had

a manageable AE profile as first-line therapy. The median PFS
(the primary endpoint) was 61.7 weeks (Table 1).

PROGNOSTIC FACTORS AND PATIENT SELECTION FOR

SUNITINIB
The identification of various prognostic factors, including clini-
cal and molecular markers, and the subsequent development

Table 1. Summary of key efficacy and safety results from the sunitinib clinical development program in RCC

Study
Design (sunitinib dosing schedule;
no. of patients) Key efficacy results Key safety results

014 [18] Phase II, cytokine-refractory
mRCC (schedule 4/2; n 5 63)

ORR, 40%a Most common grade 3 treatment-related
AEs: fatigue (11%), nausea (3%), diarrhea
(3%), and vomiting (3%)

Median TTP, 8.7 mo

Median OS, 16.4 mo
Most frequent grade 3–4 laboratory
abnormalities: increased lymphopenia
(32%), elevated lipase (21%), neutropenia
(13%), and anemia (10%)

1006
[19, 20]

Phase II, cytokine-refractory
mRCC (schedule 4/2; n 5 106)

ORR, 33%a,b

Median PFS, 8.8 mo

Median OS, 23.9 mo

Most common AEs: fatigue (28%) and
diarrhea (20%)

Most common laboratory abnormalities:
neutropenia (42%), lipase elevation (28%),
and anemia (26%)

1061 [21] Phase II, cytokine-refractory
mRCC (CDD; n 5 107)

ORR, 20%a

Median PFS, 8.2 mo

Median OS, 19.8 mo

Most common grade 3 treatment-related
AEs: asthenia/fatigue (16%), diarrhea (11%),
hypertension (11%), hand-foot syndrome
(9%), and anorexia (8%)

1110 [22] Phase II, treatment-na€ıve
mRCC (CDD; n 5 119)

ORR, 35.3%a

Median PFS at 1 yr, 9 mo

1-yr survival probability, 67.8%

Most common treatment-related AEs:
diarrhea (50%) and hand-foot
syndrome (43%)

Most common grade 3–4 treatment-related
AEs: hand-foot syndrome (13%), neutropenia
(11%), and diarrhea (9%)

1072 [23] Phase II, treatment-na€ıve and
cytokine-refractory mRCC,
Japanese patients (schedule
4/2: n 5 51)

ORR, 52.0% and 53.8%a

Median PFS, 12.2 and 10.6 mo

Median OS, 33.1 and 32.5 mo

Acceptable tolerability, with a favorable
risk/benefit profile, similar to results from
Western studies

1038 [24] Phase II, bevacizumab-refractory
mRCC (schedule 4/2; n 5 61)

ORR, 23.0%a

Median PFS, 30.4 wk

Median OS, 47.1 wk

Most treatment-related AEs were mild to
moderate intensity

1034
[12, 13]

Phase III, treatment-na€ıve mRCC,
sunitinib vs. IFN (schedule
4/2; n 5 750)

ORR, 31% vs. 6% (p< .001)b

Median PFS, 11 vs. 5 mo
(HR, 0.42; p< .001)a

Median OS, 26.4 vs. 21.8 mo
(HR, 0.821; p 5 .051)

Most common grade 3–4 treatment-related
AEs with sunitinib and IFN included
hypertension (12% vs. 1%) and fatigue
(11% vs. 13%)

1065, Renal
EFFECT [25]

Phase II, treatment-na€ıve
advanced RCC (schedule
4/2 vs. CDD; n 5 292)

ORR, 32.2% vs. 28.1% (p 5 .444)

Median TTP, 9.9 vs. 7.1 mo
(HR, 0.77; p 5 .090)a

Median OS, 23.1 vs. 23.5 mo
(HR, 1.09; p 5 .615)

No significant difference was observed in
commonly reported AEs

1132 [26] Phase IV, treatment-na€ıve mRCC,
Chinese patients (schedule
4/2; n 5 105)

ORR, 31.1%

Median PFS, 61.7 wk (14.2 mo)a

Median OS, 133.4 wk (30.7 mo)

Most treatment-emergent AEs were grade
1–2 severity and were manageable using
standard approaches

1037
[27, 28]

Expanded-access program,
cytokine-refractory or
treatment-na€ıve mRCC (schedule
4/2 and CDD; n 5 4,543)

ORR, 16%

Median PFS, 9.4 mo

Median OS, 18.7 mo

Most common grade 3–4 treatment-related
AEs: thrombocytopenia (10%), fatigue (9%),
and asthenia, neutropenia, and hand-foot
syndrome (7% each)

aPrimary endpoint.
bIndependent third-party assessment.
Abbreviations: AE, adverse event; CDD, 37.5mg/day on a continuous daily dosing schedule; HR, hazard ratio; IFN, interferon-ff; mRCC, metastatic
renal cell carcinoma; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; RCC, renal cell carcinoma; schedule 4/2,
50mg/day on a 4-weeks-on/2-weeks-off schedule; TTP, time to tumor progression.
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of risk models, such as the Memorial Sloan Kettering Cancer
Center (MSKCC) model and, more recently, the International
Metastatic Renal Cell Carcinoma Database Consortium (IMDC)
model, have given clinicians the ability to classify an individual
patient according to the patient’s risk of progression (i.e., favor-
able, intermediate, or poor risk), providing guidance regarding
the selection and sequencing of therapy [35–38]. The investiga-
tion of such factors using patient data from sunitinib trials has
allowed better selection of mRCC patients who are most likely
to benefit from sunitinib treatment and provided further vali-
dation of the established risk models.

Using pooled data from 1,059 mRCC patients who received
sunitinib in six clinical trials in the first-line (n 5 783; 74%) or
cytokine-refractory (n 5 276; 26%) setting, retrospective analy-
ses of potential baseline prognostic variables for PFS, OS, and
long-term OS (i.e., OS �30 months) with sunitinib were con-
ducted [39]. The results of a multivariate Cox regression model
found that independent predictors for PFS and OS with suniti-
nib include ethnic origin, ECOG performance status, time from
diagnosis to treatment, previous cytokine use, hemoglobin, lac-
tate dehydrogenase (LDH), and corrected calcium level, neutro-
phil and platelet counts, and bone metastases (OS only).
Survival did not significantly differ between white and Asian
patients but did differ between white versus nonwhite, non-
Asian patients. Finally, specific independent predictors of long
term OS included ethnic origin (median, 50.2 vs. 38.4 months in
white vs. nonwhite patients, respectively; HR, 0.339; p 5 .0257),
bonemetastases (median, 42.7 vs. 54.5 months for patients with
vs. without metastases; HR, 2.337; p 5 .0061), and corrected cal-
cium (median, 41.7 vs. 50.2 months for patients with >10
vs.� 10mg/dL calcium; HR, 4.356; p 5 .0028).

These findings were similar to those for an earlier retro-
spective multivariate analysis of prognostic factors using data
from sunitinib-treated patients in the pivotal phase III trial only,
which confirmed the applicability of the MSKCC model in the
era of targeted therapy [37]. The following five factors were
identified as independent predictors for PFS with sunitinib:
serum LDH level, the presence of two or more metastatic sites,
no previous nephrectomy, ECOG performance status, and base-
line platelet count. The serum LDH level, corrected serum

calcium level, time from diagnosis to treatment, hemoglobin
level, ECOG performance status, and presence of bone metas-
tases were identified as independent predictors of OS with
sunitinib.

The prognostic significance of bone metastases has been
established in multiple analyses of sunitinib and VEGF therapies
[40, 41]. For example, in a retrospective analysis of patients
from the sunitinib expanded-access program with (n 5 1,147)
versus without (n 5 2,817) baseline bone metastases who did
not receive bisphosphonates, the median OS was 14.1 versus
22.0 months (HR, 0.7004; p< .0001; and HR, 0.841; p< .001
by univariate and multivariate analysis, respectively) [41]. The
IMDC prognostic model was externally validated using the final
patient data from the sunitinib expanded-access program—the
largest contemporary patient population evaluated to date
using an RCC prognostic model [28].

Current treatment recommendations for mRCC are based
on the prognostic risk groups defined by combinations of the
factors described above. Correct risk profiling of the individual
patient is therefore critical in the overall treatment of the
patient. For its part, sunitinib is included in all the major U.S. and
European Union mRCC treatment guidelines (i.e., the European
Urology Association, European Society of Medical Oncology
[ESMO], European Organization for Research and Treatment of
Cancer Genito-Urinary Group [EORTC-GU], and U.S. National
Comprehensive Cancer Network [NCCN]) [42–46]. Across all
guidelines, sunitinib is recommended as first-line therapy for
good- or intermediate-risk patients and, with varying degrees of
evidence, as a nonstandard or alternative treatment option for
poor-risk patients in the ESMO and EORTC-GU guidelines,
respectively. In the NCCN guidelines, sunitinib is also recom-
mended as second-line therapy for patients with cytokine-
refractory disease or for those who have previously received
another first-line TKI therapy.

OPTIMIZING TREATMENT WITH SUNITINIB
Maximal clinical effect with sunitinib is achieved through maxi-
mal exposure to the drug; however, this can lead to an increase
in the risk of AEs [47, 48]. Long-term survival is therefore
achieved through proactive and ongoing therapy management,
which encompasses optimized dosing, proactive management
of AEs, and maximized duration of treatment [49], as well as
the potential use of predictive efficacy biomarkers and various
treatment strategies.

Dose and Schedule
Before its approval, sunitinib was assessed in phase I solid
tumor studies at doses ranging from 25 to 150mg/day using
three different cycles: 2 weeks on/1 week off (schedule 2/1), 2
weeks on/2 weeks off (schedule 2/2), and 4 weeks on/2 weeks
off (schedule 4/2) [16]. The frequency and severity of AEs gen-
erally correlated with greater drug exposure. The primary dose-
limiting toxicity (DLT) associated with sunitinib in these studies
was fatigue/asthenia, which occurred approximately 1–2 weeks
after the start of therapy but was reversible during the off-
treatment period within each cycle.

Based on these studies, the recommended dose and sched-
ule for use in the phase II RCC trials was 50mg/day using
schedule 4/2, the dosing regimen subsequently approved for

Figure 2. Kaplan-Meier estimates of PFS from the pivotal phase III
trial. From New England Journal of Medicine, Motzer RJ, Hutson
TE, Tomczak P et al., Sunitinib Versus Interferon Alfa in Metastatic
Renal-Cell Carcinoma, 356,115–124, Oc 2007 Massachusetts Medi-
cal Society [12]. Reprinted with permission.

Abbreviation: CI, confidence interval; PFS, progression-free
survival.
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use. However, additional studies have assessed alternative dos-
ing schedules to determine whether the clinical benefit with
sunitinib in patients with advanced RCC can be maintained
while improving the associated safety profile and health-
related quality of life (QoL).

In a phase II study of patients with cytokine-refractory mRCC
(n 5 107), sunitinib 37.5mg administered as a continuous once-
daily dosing regimen in the morning or evening had a managea-
ble safety profile, providing flexible dosing (Table 1) [21].The effi-
cacy, tolerability, and QoL results were similar between patients
dosed in themorning or evening.

In a phase II study of treatment-na€ıve patients with mRCC,
sunitinib 37.5mg continuous daily dosing (CDD) was active,
with a manageable safety profile as first-line mRCC therapy,
providing further evidence of the feasibility of this dosing regi-
men [22]. The ORR (the primary endpoint) was 35.3% (Table 1).
The patient-reported outcomes were largely maintained,
although fatigue appeared to worsen after treatment started,
with improvement over time.

A randomized phase II study (the Renal EFFECT trial
[randomized phase II study of the efficacy and safety of sunitinib
malate schedule 4/2 vs. sunitinib malate continuous dosing as
first-line therapy for metastatic renal cell cancer]) compared the
outcomes for treatment-naive patients with advanced RCC who
received sunitinib, schedule 4/2 versus CDD [25]. The median
time to tumor progression (TTP; the primary endpoint) was
numerically longer with schedule 4/2 than with CDD (Table 1).
In addition, schedule 4/2 was superior to the CDD schedule
according to a composite endpoint of time to deterioration,
which included death, disease progression, and progression of
disease-related symptoms (p 5 .034). No benefit was seen in
the efficacy or safety for continuous dosing of sunitinib com-
pared with the approved 50mg/day dose on schedule 4/2. Also,
given the numerically longer TTP with the approved 50-mg dose
on schedule 4/2, the investigators concluded that adherence to
this dose and schedule should remain the treatment goal for
patients with advanced RCC.

Several studies, however, including the RAINBOW, RESTORE
(randomized phase II trial of sunitinib four weeks on and two
weeks off vs. two weeks on and one week off in metastatic
clear-cell type renal cell carcinoma), and single-center studies,
have investigated sunitinib on schedule 2/1 or other alternative
schedules (in both Western and Asian patients with advanced
RCC). The results from these studies suggest that schedule 2/1
might have an improved safety profile compared with schedule
4/2 but with similar efficacy [50–57]. Patients experiencing AEs
with schedule 4/2 might tolerate treatment better when
switched to schedule 2/1. Prospective studies with this sched-
ule will allow a better understanding of its efficacy.

TREATMENT DURATION AND EXPOSURE
As might be expected, a longer treatment duration was associ-
ated with increased response rates in the pivotal phase III trial
[12, 13, 58]. Moreover, in an exploratory pharmacokinetic/
pharmacodynamic meta-analysis of 639 RCC and gastrointesti-
nal stromal tumor patients with available pharmacodynamic
data (443 with pharmacokinetic data), increased exposure to
sunitinib was associated with longer TTP and OS and a greater
chance of antitumor response [47].

Adverse Event Management
The commonly reported AEs with sunitinib in patients with
mRCC include diarrhea, fatigue, nausea, mucositis/stomatitis,
vomiting, dyspepsia, hypertension, abdominal pain, rash, and
hand-foot syndrome (SUTENT prescribing information), many
of which are common with all targeted agents, including both
TKIs and mammalian target of rapamycin (mTOR) inhibitors.
However, some AEs are specific to TKIs, including sunitinib,
such as hepatotoxicity with aspartate transaminase/alanine
transaminase elevation and hypertension.

Proactive AE assessment andmanagement can ensure opti-
mal benefit with sunitinib [59]. Sunitinib has a predictable and
manageable tolerability profile, which facilitates proactive and
effective therapy management interventions, ensuring that
patients receive optimal clinical benefit from their treatment
and maintain their QoL [13, 27, 48, 49, 60, 61].The intermittent
dosing schedule (schedule 4/2), for example, is associated with
a predictable “on-off” effect. Moreover, the extensive clinical
experience now available with sunitinib after several years of
use has enabled clinicians to avoid discontinuation of treat-
ment by controlling most AEs with appropriate supportive and
prophylactic measures, to achieve long-term benefits.

Retrospective interval and cumulative time period analyses
of long-term safety with sunitinib using pooled data from
mRCC patients from nine trials (n 5 5,739) have shown that
prolonged use of sunitinib (up to 6 years) is not associated with
new types or increased severity of treatment-related AEs [62].
Except for hypothyroidism, which can be monitored and
treated per standard medical practice, toxicity is not cumula-
tive. Clinicians may, therefore, be able to prescribe long-term
sunitinib for as long as patients continue to derive clinical bene-
fit, without unnecessary additional risk.

The use of TKIs is associated with an elevated risk of con-
gestive heart failure (CHF), and sunitinib is no exception. In a
meta-analysis of 6,935 sunitinib-treated patients (with and
without RCC), the incidence of all- and high-grade CHF was
4.1% and 1.5%, respectively [63]. Also, in a retrospective analy-
sis, nearly 20% of patients taking sunitinib had a reduction in
their left ventricular ejection fraction (LVEF) by �15% [64]. In
addition, patients with underlying risk factors, such as a history
of coronary artery disease or hypertension, have an increased
risk of cardiotoxicity from sunitinib [65]. However, the relative
risk of CHF among approved TKIs is similar [66], and a compre-
hensive adjudicated database analysis of 1,090 sunitinib-
treated patients from two phase III clinical trials demonstrated
reversibility of clinically meaningful cardiovascular AEs [67]. In
addition, in a prospective analysis of cardiotoxicity in patients
with resected high-risk RCC who had received adjuvant suniti-
nib (or sorafenib) versus placebo, the incidence of LVEF decline
(>15% and less than the institutional lower limit of normal)
with sunitinib did not significantly differ versus placebo (1.8%
vs. 0.9%; p 5 .28). Similarly, no difference was found in the inci-
dence of symptomatic heart failure, arrhythmia, or myocardial
ischemia [68].

The safety profile of sunitinib has been investigated in spe-
cial subpopulations, such as those with a traditionally poor
prognosis. In the final report of the sunitinib expanded-access
program, it was shown that the incidence of non hematologi-
cal, treatment-related AEs of any grade was comparable among
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patients aged �65 years (33% of the total population), those
with non-clear cell histologic features (12%), and the overall
population. Also, the incidence was lower in patients with an
ECOG performance status �2 (14%) or with baseline brain
metastases (7%) compared with the overall population [28].
Similarly, in a phase II study of patients with mRCC and previ-
ously untreated brain metastases (n 5 16), the tolerability with
the standard regimen of sunitinib was acceptable [69]. In addi-
tion, in a retrospective analysis of outcome with sunitinib as a
function of age (<70 vs. �70 years) in mRCC patients, based
on the safety profile (and comparable efficacy), the investiga-
tors concluded that advanced age should not be a deterrent to
sunitinib therapy [70].

Predictive Efficacy Biomarkers of Sunitinib
Several areas of research have investigated the potential pre-
dictive biomarkers of efficacy with sunitinib in patients with
mRCC, including biological (e.g., serum- and tissue-based bio-
markers) and clinical (e.g., mechanism-based AEs and response
status) correlates, shedding light on potential areas of research
for further investigation with sunitinib and other therapies
[71–76]. Some of the early studies explored potential bio-
markers of sunitinib pharmacological activity via serial assess-
ment of plasma levels of four soluble proteins from patients in
the initial phase II study of cytokine-refractory advanced RCC,
all of which are components of the angiogenesis system: VEGF,
soluble VEGFR-2 (sVEGFR-2), placenta growth factor, and a
novel soluble variant of VEGFR-3 (sVEGFR- 3) [71]. Overall, sig-
nificantly larger changes in VEGF, sVEGFR-2, and sVEGFR-3 lev-
els were observed in patients with an objective tumor
response compared with those with stable disease or disease
progression (p< .05 for each analyte). These findings suggested
that these proteins could be of value as biomarkers of clinical
activity of sunitinib in patients with RCC and of angiogenic proc-
esses in cancer and other diseases. Similarly, the plasma levels
of VEGF-A, VEGF-C, sVEGFR-3, and IL-8 were investigated as
potential biomarkers using patient data from the pivotal phase
III trial in the first-line setting [75]. The findings suggested that
baseline VEGF-A and IL-8 might have prognostic value (both
were significantly associated with OS by univariate analysis in
both treatment arms [p< .05] and remained independent pre-
dictors of a lower risk of death by multivariate analysis in the
sunitinib arm; p< .05). In addition, baseline sVEGFR-3 might
predict sunitinib efficacy (in the sunitinib arm, this analyte was
significantly associated with both PFS and OS by univariate
analysis [p< .05] and was an independent predictor of OS by
multivariate analysis [p< .05]).

Clear cell RCC is usually associated with inactivation of the
VHL tumor-suppressor gene, which leads to elevated levels of
the transcription factor HIF-1a and subsequent over expression
of VEGF and PDGF.Thus, HIF-1a expression has also been a focus
of biomarker studies [16], with early promising preclinical data
for sunitinib [77]. Subsequently, tumor samples from mRCC
patients receiving sunitinib and other targeted agents have been
analyzed via immunohistochemistry (IHC) and other methods to
examine HIF-1a as a potential marker [76]. Using patient data
from the Renal EFFECT study and relying on Kaplan-Meier-
derived statistical significance, the HIF-1a percentage of tumor
expression, as assessed by IHC, was significantly associated with

PFS to sunitinib [76]. In the same study, circulating angiopoietin-
2 (Ang-2) and matrix metalloproteinase-2 (MMP-2), identified
via two independent multiplex platforms, were also significantly

associated with outcome (tumor response). In contrast, germline

single nucleotide polymorphisms in VEGF-related genes and VHL

inactivation mechanisms were not associated with the outcome,

despite previous studies indicating a potential role. However,

using the same data set, a more stringent performance assess-

ment that incorporated sensitivity and specificity characteristics,

a receiver operating characteristics model, concluded that nei-

ther Ang-2 nor MMP-2, nor the HIF-1a percentage of tumor

expression, performed appropriately from a patient-selection

standpoint [78].
Genome-wide association studies (GWASs) have also been

used to detect genetic variants potentially useful in predicting
both clinical outcome and toxicity to cytotoxic chemotherapy
and targeted agents [79]. The variant (rs34231037/C482R) was
shown to be associated with both lower baseline sVEGFR2 levels
and a greater decline in sVEGFR2 in response to pazopanib treat-
ment in patients with RCC [80]. In addition, in what the investi-
gators concluded was the largest GWAS for response and
toxicity to antiangiogenesis therapies in RCC reported to date
(n 5 1,099 RCC patients treated with pazopanib or sunitinib)
[81], genetic markers were found to be significantly associated
with combined efficacy endpoints (a common variant intronic in
LOXL2 and ENTPD4 with PFS, OS, and best response) and safety
endpoints (common variants near UGT1A1 with bilirubin eleva-
tion in pazopanib-treated patients and a common variant inter-
genic between ANAPC4 and SLC34A2 with hand-foot syndrome).

Next-generation sequencing (NGS) has been used to iden-
tify prevalent mutations in epigenetic regulators with prognos-
tic significance in RCC. In a study of patients from the RECORD-
3 (efficacy and safety comparison of RAD001 [everolimus] vs.
sunitinib in the first-line and second-line treatment of patients
with metastatic renal cell carcinoma) trial [82], somatic muta-
tions in the epigenetic regulator KDM5C (an HIF-dependent
transcription target that functions as a tumor suppressor) were
identified by NGS assay and found to be associated with longer
PFS with sunitinib.

To date, none of these biomarkers have been validated for
use with targeted therapies or integrated into a prognostic
model. An alternative to biological correlates as biomarkers of
efficacy are mechanism-based AEs that reflect “on-target”
effects of molecularly targeted agents and are common, man-
ageable, and readily and systematically measurable. Using a
pooled database of five prospective clinical trials, a retrospec-
tive combined AE model identified on-treatment neutropenia
and hypertension as independent biomarkers of sunitinib effi-
cacy in patients with mRCC [72, 73]. Patients with sunitinib-
induced hypertension, defined by maximum systolic blood
pressure (BP) �140 mmHg, had significantly longer PFS (12.5
vs. 2.5 months) and OS (30.9 vs. 7.2 months) than patients
without treatment-induced hypertension (p< .001 for both).
Similar results were obtained when comparing patients with
and without sunitinib-induced hypertension, defined by a maxi-
mum diastolic BP of �90 mmHg [72]. A recently reported
combined AE model subsequently assessed the relative
strength and independence of each biomarker in a final
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combined multivariate analysis using the same database
(n 5 770) and identified on-treatment neutropenia and hyper-
tension as independent biomarkers of sunitinib efficacy [73]. In
addition, the incorporation of both AEs into the IMDC prognos-
tic model improved its prognostic accuracy.

An alternative to biological correlates as biomarkers
of efficacy are mechanism-based AEs that reflect “on-
target” effects of molecularly targeted agents and are
common, manageable, and readily and systematically
measurable. Using a pooled database of five prospec-
tive clinical trials, a retrospective combined AE model
identified on-treatment neutropenia and hyperten-
sion as independent biomarkers of sunitinib efficacy
in patients with mRCC.

A pooled retrospective analysis of mRCC patients treated in
phase II and III Pfizer-sponsored studies between 2003 and
2011 (n 5 2,749, of whom 1,059 had received sunitinib) found
that tumor response was an independent prognostic factor for
both PFS and OS (even with patients stratified by first-or sec-
ond-line therapy and ECOG performance status). In addition,
the depth of remission was an independent prognostic factor,
with major tumor shrinkage of 60% or more associated with a
median OS of 54.5 months [74].

Treatment Strategies
Current evidenced-based treatment guidelines provide recom-
mendations for targeted therapies by treatment setting and
patient risk profile. Within this framework, choices can remain
regarding the optimal sequence of therapies or algorithm for a
given patient, prompting the study of sunitinib in sequence
with other agents (and as rechallenge therapy) [83–85]. Based
on the compelling rationale to combine targeted agents in
order to inhibit multiple tumor pathways (e.g., VEGF and
mTOR), several studies have investigated sunitinib in combina-
tion with other targeted agents [86].

The open-label phase III SWITCH study (n 5 365) [83] pro-
spectively evaluated sequential use of sorafenib followed by
sunitinib versus sunitinib followed by sorafenib in patients with
mRCC. The total PFS (the primary endpoint) was not superior
with the sorafenib-sunitinib versus the sunitinib-sorafenib arm
(12.5 vs. 14.9 months, respectively; HR, 1.01; p 5 .5), and OS
was comparable in both arms (31.5 vs. 30.2 months, respec-
tively; HR, 1.00; p 5 .5). The safety profiles were as expected.

The randomized phase II RECORD-3 study (n 5 471) [84]
compared first-line everolimus followed by sunitinib at progres-
sion with the standard sequence of first-line sunitinib followed
by everolimus in mRCC patients. Everolimus did not demon-
strate noninferiority in PFS (the primary endpoint) compared
with sunitinib (7.9 vs. 10.7 months; HR, 1.4), supporting the
standard treatment paradigm of first-line sunitinib followed by
everolimus at progression.

In an observational study of 61 mRCC patients, sunitinib
rechallenge in the third-line or later setting was found to be a
feasible treatment option with potential clinical benefit in

mRCC patients who experienced disease progression with first-
line sunitinib [85]. With first-line sunitinib and rechallenge, the
median PFS was 18.4 and 7.9 months and the ORR was 54%
and 15%, respectively; the median OS was 55.9 months overall.
The sunitinib rechallenge safety profile was as expected, with
no new AEs reported. The investigators therefore concluded
that disease progression with first-line sunitinib might not be
associated with complete or irreversible resistance to therapy.

The results of sunitinib as combination therapy with other
targeted agents have been disappointing, largely because of
issues of intolerable toxicity. Sunitinib has been studied in two
separate phase I combination studies with the FDA-approved
mTOR inhibitors temsirolimus and everolimus in patients with
mRCC [87, 88]. In the first study with temsirolimus, DLT was
observed at low starting doses of both agents, and in the sec-
ond study with everolimus, the combination was associated
with significant acute and chronic toxicities and only tolerated
at attenuated doses.

Sunitinib was also studied in a phase I study as combination
therapy with the VEGF inhibitor bevacizumab in mRCC patients
[89]. However, this combination was also intolerable, with
patients experiencing a high degree of hypertension and vascu-
lar and hematologic toxicities at the maximum tolerated dose
of both agents.

An open-label phase II study of sunitinib plus the investiga-
tional recombinant peptide-Fc fusion protein trebananib
(n 5 85) suggested a potential benefit in efficacy. However,
again, despite this finding, the toxicity at the tested doses
seemed to increase with the combination [90].

In contrast, sunitinib has shown promising results in combi-
nation with the cytotoxic chemotherapy gemcitabine in
patients with sarcomatoid and/or poor-risk mRCC [91]. In a
single-arm phase II study (n 5 39), the combination appeared
to be more efficacious than either therapy alone (e.g., the ORR
was 26% and 24% for patients with sarcomatoid RCC and poor-
risk RCC, respectively) and was tolerated in such a patient pop-
ulation. In addition, a phase II study of sunitinib plus AGS-003,
an autologous immunotherapy, as first-line therapy in patients
with intermediate and poor-risk mRCC (n 5 21) found that the
combination was well tolerated and yielded supportive immu-
nologic responses with extended survival [92]. No patients
experienced a complete response (the primary endpoint) but
nine patients had a partial response and four, stable disease.
The median PFS and OS from registration were 11.2 and 30.2
months, respectively.

These positive findings for combination therapy, in particu-
lar for sunitinib plus AGS-003, which is the subject of an ongoing
phase III trial and could ultimately change the standard of care
for intermediate- and poor-risk patients [93], warrant further
investigation. However, it should be noted that a recent phase
III trial combining sunitinib with the IMA901 multipeptide vac-
cine failed to show benefit compared with sunitinib alone [94].

KEY INSIGHTS IN TRIAL DESIGN AND DATA INTERPRETATION
FOR SUNITINIB
Starting with its preclinical models and phase I study to the two
phase II studies and pivotal phase III trial, resulting in acceler-
ated and standard FDA approval, respectively, the clinical devel-
opment program for sunitinib in RCC has been a paradigm of
“bench to bedside” research, setting an example for the
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development of other drugs [95]. However, the clinical trial pro-
gram for sunitinib also exemplifies some of the challenges asso-
ciated with development of targeted agents (rather than, for
example, with the newer immunotherapies), necessitating
novel statistical approaches to address these issues. Moreover,
as the reference standard of care in the first-line setting, suniti-
nib has become not only the comparator arm for other agents,
in terms of clinical benefit, but also for economic evaluation.

Survival Analysis
In the phase III trial of treatment-na€ıve patients with mRCC, the
median OS—traditionally the reference standard for evaluation
of cancer therapies—did not significantly differ between the
two treatment arms [13]. At that time, the investigators pro-
posed that this was likely due to both crossover from the IFN
arm to the sunitinib arm and to the confounding influence of
post-study cancer treatment (33% and 32% of patients
randomized to the IFN arm received post-study sunitinib and
other VEGF inhibitors, respectively). Therefore, exploratory
analyses were conducted to separately censor the crossover
patients and any patients who received post-study treatment.
As a result, statistically significant improvement in OS with suni-
tinib versus IFN was demonstrated (the latter method demon-
strated a twofold increase in median OS, 28.1 vs. 14.1 months,
respectively; HR, 0.647; p 5 .003). However, such methods
could be associated with selection bias [96].

Because of the survival results for sunitinib (and similar
findings for other targeted agents), attention turned to the via-
bility of PFS as a standard endpoint for evaluating new thera-
pies [97]. The general consensus has been that, despite
inherent biases, PFS is a valid and acceptable outcome measure
in mRCC (e.g., acceptable to regulatory authorities) if its
improvement is of sufficient magnitude to be considered clini-
cally relevant. In addition, it should be concordant with, and
linked to, the OS and QoL data [97].

To determine the suitability of PFS as a surrogate endpoint
for OS, the relationship between PFS and postprogression sur-
vival (PPS; the difference between PFS and OS) was studied
using data from the phase III study [98]. In aWeibull parametric
model, longer PFS was significantly predictive of longer PPS

(p< .001). The model also allowed the prediction of an esti-
mated median PPS duration from the actual PFS times. As a
result of the positive relationship found between PFS and PPS,
the investigators concluded that PFS could act as a surrogate
endpoint for OS.

Using data from the phase III trial, researchers have also
shown that sunitinib, compared with IFN, reduced the tumor
growth rate in treatment-na€ıve patients with mRCC and that
this rate correlated with OS, suggesting its potential use as an
important clinical trial endpoint [99].

Finally, two statistical modeling techniques that have been
used to correct for crossover in oncology trials and are consid-
ered relevant by health technology assessment authorities are
the inverse probability of censoring weighting model and the
rank-preserving structural failure time model [100]. Both mod-
els were used to reanalyze data from the phase III sunitinib
trial, determining new HR values for OS. The variation in HR
from the two models compared with the previously reported
intent-to-treat and censored HR values was not as pronounced
as the findings from a separate analysis using data from a phase
III sunitinib trial in gastrointestinal stromal tumor [96]. How-
ever, this work resulted in specific recommendations for the
use of these models in future studies and highlighted the
potential impact of such modeling on subsequent cost-
effectiveness analyses. As further described in the next section,
choices in study design can have major implications for real-
world evaluation (e.g., cost effectiveness).

Economic Evaluation
Using data from the phase III trial, the cost effectiveness and
cost utility of sunitinib as first-line mRCC therapy compared
with IFN and IL-2 were assessed from a U.S. societal perspective
[101]. Treatment with sunitinib was associated with estimated
gains in progression-free life years (PFLYs) of 0.41 and 0.35, life-
years (LYs) of 0.11 and 0.24, and quality-adjusted life years
(QALYs) of 0.14 and 0.20 compared with IFN and IL-2, respec-
tively. In addition, both IFN and sunitinib treatment dominated
IL-2 treatment. The incremental cost-effectiveness ratio of suni-
tinib versus IFN was $18,611 per PFLY gained and $67,215 per
LY gained, and the cost-utility ratio was $52,593 per QALY
gained (at a 5% discount rate). The results indicated that

Table 2. Ongoing phase III trials with sunitinib in RCC

Study Design (estimated enrollment)
Estimated primary completion
date (ClinicalTrials.gov ID)

S-TRAC (1109) Adjuvant sunitinib vs. placebo (n 5 600) April 2016 (NCT00375674)

ASSURE (ECOG 2805) Adjuvant sunitinib vs. sorafenib vs. placebo (nonmetastatic RCC; n 5 1,923) April 2016 (NCT00326898)

SURTIME Sunitinib1 immediate vs. deferred nephrectomy (n 5 458) December 2015 (NCT01099423)

CARMENA Sunitinib1 nephrectomy vs. sunitinib (n 5 576) September 2019 (NCT00930033)

STAR Conventional continuation vs. drug-free interval strategy with sunitinib or
pazopanib (n 5 1,000)

April 2018 (ISRCTN06473203)a

CHECKMATE 214 Nivolumab1 ipilimumab vs. sunitinib (n 5 1,070) November 2017 (NCT02231749)

ADAPT AGS-003 autologous immunotherapy1 sunitinib (n 5 450) April 2016 (NCT01582672)

IMPRINT IMA901 multipeptide cancer vaccine1 sunitinib vs. sunitinib (n 5 330) Completed (NCT01265901)

RAPID Atezolizumab1 bevacizumab vs. atezolizumab vs. sunitinib (n 5 305) January 2016 (NCT01984242)

ECOG-E1808b Sunitinib1 gemcitabine vs. sunitinib (advanced RCC with sarcomatoid
features; n 5 100)

June 2021 (NCT01164228)

aRegistered at http://www.controlled-trials.com.
bPhase II study.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; ID, identification; RCC, renal cell carcinoma.
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sunitinib was cost effective compared with IFN as first-line
mRCC therapy. Similarly, an analysis of the economic value of
sunitinib as first-line mRCC therapy in the Spanish health care
system found that sunitinib was a cost-effective alternative to
other targeted therapies, specifically sorafenib and bevacizu-
mab plus IFN [102].

The cost effectiveness of sunitinib has been compared with
other agents in both first- and second-line mRCC settings across
numerous countries (e.g., Sweden, Canada, United Kingdom,
Colombia, Mexico, Israel, Brazil, Finland, Belgium). Based on a
systemic data search of these studies, the investigators con-
cluded that in most economic evaluations sunitinib can be con-
sidered a cost-effective treatment option compared with other
treatments [103]. The incremental cost-effectiveness ratio was
most often in a range considered acceptable for novel cancer
treatments, and, as first-line therapy, sunitinib demonstrated
cost savings compared with some other targeted treatments.

THE FUTURE OF SUNITINIB IN RCC
As evidenced by the number of ongoing phase III studies (Table
2), a key area of future research remains the role of nephrec-
tomy, which remains unclear in the setting of sunitinib treat-
ment and other targeted agents, and adjuvant use of sunitinib.
Regarding the latter, preliminary results from the placebo-
controlled phase III ASSURE trial (n 5 1,943), designed to assess
adjuvant use of sunitinib versus sorafenib in patients with
resected RCC, were not promising [104]. At the interim analysis,
no significant differences were found in disease-free survival
(DFS; the primary endpoint) with sunitinib or sorafenib versus
placebo (5.6 and 5.6 vs. 5.7 years, respectively; HR, 1.00,
p 5 .96; and HR, 0.97, p 5 .74 vs. placebo, respectively). The
investigators concluded that adjuvant treatment with sorafenib
or sunitinib should not be pursued. However, it was recently
reported that the phase III S-TRAC trial of sunitinib versus pla-
cebo in the adjuvant setting had met its primary endpoint of
improved DFS. That study of RCC patients at high risk of recur-
rence after surgery is the first such trial of the use of a TKI to
prolong DFS in the adjuvant setting [105].

Potential neoadjuvant use of sunitinib has also been stud-
ied, with several case series reporting tumor responses and
reduction in primary tumor size, allowing surgical excision.
However, routine preoperative use of sunitinib and other tar-
geted therapies for patients with otherwise resectable disease
is not currently recommended, until further research has
defined the most appropriate scenarios for their use [106].

Potential neoadjuvant use of sunitinib has also been
studied, with several case series reporting tumor
responses and reduction in primary tumor size, allow-
ing surgical excision. However, routine preoperative
use of sunitinib and other targeted therapies for
patients with otherwise resectable disease is not cur-
rently recommended, until further research has
defined the most appropriate scenarios for their use.

Methods to optimize the dosing schedule with sunitinib
continue to be explored. The phase III STAR trial (Table 2) is

investigating the use of a conventional continuation strategy
(i.e., standard dose and schedule) versus a drug-free interval
strategy (i.e., standard dose and schedule for four 6-week
cycles, followed by a planned treatment break until progressive
disease) with sunitinib or pazopanib (which has demonstrated
noninferiority to sunitinib for PFS [9]) in treatment-na€ıve mRCC
patients.

Several other ongoing trials (CHECKMATE 214, ADAPT,

IMPRINT, and RAPID; Table 2) in which sunitinib is either com-
pared against or combined with immunotherapy reflect the

heightened and renewed interest in such treatments. These
treatments have shown promising clinical activity in advanced
RCC, including nivolumab, which was recently approved by the

U.S. FDA for use in patients with advanced RCC who have
received previous antiangiogenic therapy (OPDIVO prescribing

information, http://packageinserts.bms.com/pi/pi_opdivo.pdf).
Finally, the phase III ECOG-E1808 study is following up on the

promising phase II results with sunitinib combined with gemci-
tabine for patients with advanced RCC with sarcomatoid
features.

CONCLUSION
Beginning with the two phase II studies of sunitinib in patients
with cytokine-refractory mRCC, which demonstrated previously

unseen tumor response rates, to the pivotal phase III trial of
treatment-na€ıve mRCC patients, which established sunitinib as
a reference standard of care, these early milestones marked

the beginning of a revolution in the treatment of advanced
RCC. The development of sunitinib and other targeted thera-

pies significantly improved the treatment landscape in mRCC
and has certainly extended survival for many patients. More-

over, the research conducted during the past 10 years, which
continues in ongoing trials, represents the lasting commitment
in the development program for sunitinib to maximize its clini-

cal benefit and shed further light on issues affecting the overall
management of RCC.
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